Characterization of cardiotoxicity induced by 2,3,7, 8-tetrachlorodibenzo-p-dioxin and related chemicals during early chick embryo development.
Cardiotoxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) was studied in White Leghorn-Babcock (WLB) and Plymouth Rock-Barred (PRB) chick embryos. TCDD, injected on day 0 (D0), induced a dose-related increase in heart weight in both strains in the absence of pericardial edema on D10. PRB embryos were four to five times more sensitive to this cardiotoxicity than WLB. To determine if another aryl hydrocarbon receptor agonist produced a similar response, graded doses of TCDD; 3,3',4,4',5-pentachlorobiphenyl (PeCB 126); or 2,2',4,4',5,5'-hexachlorobiphenyl (HxCB 153) were injected into WLB eggs. TCDD and PeCB 126 induced a dose-related increase in heart weight without pericardial edema, while HxCB 153 had no effect. We then hypothesized that TCDD-induced cardiotoxicity progressed to heart failure and edema. In PRB, morphometric analysis revealed that TCDD (0.06-0.45 pmol/g) induced a dose-related increase in left and right ventricle cavity area without wall hypertrophy on D10, consistent with dilated cardiomyopathy. A time course showed that 0.24 pmol/g did not alter heart morphology on D8 but induced cardiac dilation on D10 and D12. The 0.24 pmol/g dose also induced changes associated with progression of cardiomyopathy toward heart failure, including increased cardiac atrial natriuretic factor mRNA expression and decreased cardiac responsiveness to isoproterenol-induced positive chronotropy, on D10 and D12. Finally, 0.24 pmol/g induced a significantly higher incidence of subcutaneous and peritoneal edema, indicative of overt heart failure, on D12 (75%, 15/20) compared to D10 (14%, 3/22). In conclusion, TCDD induced a phenotype of dilated cardiomyopathy and symptoms associated with the development of congestive heart failure.